We argue that the so-called entangled states in quantum theory are not something exceptional, deserving a special attention in our efforts to understand conceptual foundations of quantum world. They appear by constructing the basis states of a compound system via the basis states of entering subsystems and describe it as a wholeness. While a system is considered as a wholeness, the individual members, forming the entangled state, have no physical meaning. In consequence, there is no physical ground for Einstein, Podolsky and Rosen (EPR) correlations arising in a process of decaying the system, being in the entangled state, into its constituent parts. The same regards to Bell's introduced non-locality of quantum world.
Introduction
In this short contribution we would like to discuss the validity of reasons accompanying attempts to resolve the so-called EPR paradox [1] . As it is well known, the essence of the paradox is encapsulated into Bell's theorem [2] , expressing an idea, that quantum correlations have a non-local character and are much stronger then in classical case. Yet, up to now, we haven't a clear and persuasive experimental corroboration of the theorem. The existing experimental evidences are based on a number of assumptions which create reasonable doubts concerning credibility of the obtained results and, therefore, the validity of Bell's theorem [3] . Due to the fact that both Bell's theorem and EPR paradox rest heavily on the use of so-called entangled states, it is reasonable to discuss the role, these states are playing in quantum theory. That is, what special is in entangled states, distinguishing those from others? According our view, entangled states, usually appearing in the many body quantum systems, are not something special. They arise as a result of a tensor product of Hilbert spaces of the individual counterparts by a subsequent decomposition on the irreducible subspaces. In general, the individual components entering, in a decomposition of the particular entangled state, can not serve as the basis states. By itself they have no meaning. A meaning has a total entangled state characterizing quantum system as a wholeness.
And otherwise. By disintegrating a composed quantum system, described by the entangled state, becomes a system of non-interacting and independent quantum subsystems. Each subsystem is now characterized by its own state vector, "forgetting" any relation to the initial state vector. All that lets make to believe that in reality EPR paradox lacks any physical ground. Actually, it is not paradox at all, but just an incorrect application of formal prescriptions of quantum formalism in consideration of quantum phenomenon. The same regards to Bell's discovered inequalities and theorem, maintaining that nature has a non-local character on quantum level.
The two body quantum system
Let us consider the simplest case when entangled states arise -a two particle quantum system. Let us assume that the state vector of a particular particle belongs to the two dimensional Hilbert space R (s) , characterizing, say, spin property. In this case, R (s) is equivalent to the irreducible space of group SU 2 with s = 1 2 . For the two particle bound system, a Hilbert space with correct irreducible structure is obtained by taking the direct product of R (s1) and R
with subsequent decomposition on SU 2 irreducible subspaces, having quantum numbers S = 0, 1:
The basis vectors of R 0 , R 1 are expressed as
where C ··· ··· are the usual Clebsch-Gordon coefficients and |z i µ -the basis vector of i-th particle. Here, z labels an arbitrary axis along which the i − th particle spin is directed and µ = +, − are possible spin projection values on this direction. In these labels, the basis states express as
This is a physical basis of the composed system, determined by the Hamiltonian H 12 responsible for the interaction of spin variables and having the structure
where A,B are arbitrary constants and σ i -Pauli matrices of i − th particle. It is assumed that in H 12 the spins of both particles are aligned along the same direction. Taking into account that spin operator of the whole system is S = σ 1 /2 + σ 2 /2 and σ 1 · σ 2 = S 2 − 3, one can rewrite (6) as
(3), (4) and (5) are eigenstates of the observables ( S 2 , S z ), which characterize the total spin and its projection for a whole system. It is evident, that this basis differs from the mathematical one |z 1 + |z 2 + , |z 1 + |z 2 − , |z 1 − |z 2 + , |z 1 − |z 2 − , which just enumerate the number of states in the direct product R (s1) ⊗ R (s2) , without taking into account an existing interaction between spin variables. The states, having structure analogous to (4), (5) , are the so-called entangled states. The "inner" structure of these states expresses the "entanglement" of the properties due to the interaction between the constituent parts, that provides the systems' wholeness. Despite of fact, that structure of state vectors (4) and (5) resembles a superposition, the terms |z 1 µ |z 2 − µ by itself do not provide the basis states of the system. We haven't a direct access to them without destroying the last. That is, it is impossible to measure a property of a compound system, by measuring properties of its constituents. By decaying, the bound system becomes a source of particles, carrying the spin equal to one half. Taking into account that after spontaneous a decay both particles behave as independent entities, they are characterized by corresponding state vectors |z 1 µ and |z 2 − µ , without any correlation between them. From the linear and angular momentums' conservation law, it follows, that particles will move in opposite directions having, opposite spin projection values. But that does not mean that there still are some kind of quantum correlations between particles' properties. Shortly, in the result of decaying, say a positron, we will have a pair of independent particles, moving in opposite direction and having opposite spin projection value. It is clear, that the direction of moving and spin's orientation in space, are arbitrary. If we would like to perform now some measurements on the disintegrated products, they would be performed as on independent quantum objects. That is, measurements in this case are independent. The same regards to the resultsthere are no correlations between measurement results. If, for some reasons, we would still impose some correlations, they would have a purely external character without any physical ground. For example, to measure the values of spin projections, one can use two SternGerlach experimental arrangements having, various mutual orientations . The measurements would not affect one another. To show that, let us consider positron, which from singlet state (5) decays into electron and positron. Let us assume that magnetics fields in both apparatuses are oriented in one direction, say a. Next, taking into account, that the particular pair of now independent particles has spin projection sum equal zero, particles will be in the basis states |z 1 µ and |z 2 − µ . After measuring, every particle spin projection will be s a = + . Following the standard considerations of quantum mechanics, one can see that, with the probability P ++ = | a + |z 1 + | 2 , the first particle would have spin projection value s a = + 1 2 and, with probabil-
. Similarly for the second particle: with probability P +− = | a + |z 2 − | 2 its projection will be s a = + 1 2 and with prob-
Here, aν|zµ , as usually, denotes the transition amplitudes from the basis state |zµ to the |aν one. There are no correlations between measurement results performed on independent quantum objects. That is, the two pairs of probabilities (P ++ , P −+ )and (P +− ,P −− ) are absolutely unrelated quantities. The same results are valid for the case when magnetic fields in both Stern-Gerlach arrangements have different orientation. Taking into account that particular orientation z of the particle's spin is arbitrary, instead of state vector, one should use the statistical mixture of states. That is, the decay of positron serves as source of particles beams, characterized by density matrices ρ 1 , ρ 2 = diag(
2 ). All that leads to the result, that, in a general case, all four probabilities should be equal to one half.
The source of the EPR paradox
The essence of the EPR paradox rests on the assumption, that the state vector (5) still characterizes the products of the disintegrated system. According to Bohm [4] , one can imagine (5) as an ambient field that connects both particles. It means, that particles' properties remain correlated even when there is no interaction between them. To show that, let us make use of a scalar character of state (5), which allow one to express it in an invariable form with respect to an arbitrary direction in space. For example, if the orientations of both magnetic fields in Stern-Gerlach setups are directed along z-axis, the state vector of a system will be (5). According to this logic, if, in the result of measurement, particle 1 is " collapsed" on to the basis state |z 1 + , then from (5) unavoidably follows that particle 2 should be in state |z 2 − . Therefore, without performing measurement on the second particle, it would have a really existing property value -a definite projection value the z-axis. The same is valid with respect to other axes. And that is in stark contradiction to the canons of quantum theory, maintaining that a quantum object has no a definite property value until a measurement is performed. From this, Einstein, Podolsky and Rosen came to the conclusion that quantum theory is incomplete -it contains elements of a local reality, common in classical physics, avoiding of quantum description, a least in this particular case. And that is a paradox which, must be resolved. To do, one could follow several lines of reasoning.
1. EPR paradox is not real, because it rests on the wrong assumptionassumption, that (5) is the state vector of disintegrated system; 2. EPR paradox is real. The existing version of quantum theory is incomplete and one requires a more general one;
3. EPR paradox is real, however, it might be resolved within the framework of existing theory. We should just reveal its yet hidden possibilities.
In previous section we have considered the first possibility. There are view [5, 6, 11] according to the second line as well. However, from all these possibilities, the third one is the most widespread. According to it, developed by Bell, the local realism is in conflict with quantum mechanics itself. To show that, he has considered a case when magnetic fields are oriented differently. If a and b are unit vectors along which these fields are directed, then the corresponding spin observables will be σ · a and σ · b, relevant to R s1 and R s2 with s = 1 2 . However, in order to work in product space (1), one should introduce new spin observables
where 1 1 ,1 2 are identity operators of R s1 and R s2 . The product of these two observables
is, therefore, also an observable and is called a spin correlation observable corresponding to the joint spin measurement of both Stern-Gerlach devices. The expectation value of the spin correlation observable for the singlet state (5) is
which depends on the relative angle between a and b. In particular case when a = b, the expectation value of the spin correlation observable (10) is equal to −1, meaning that, if both Stern-Gerlach devices are oriented along the same direction, then, with certainty, the outcomes will be found to be opposite.
As it was mentioned previously, an existence of such correlations would be in contradiction to the principles of quantum theory. They would mean that the singlet state is incomplete, and, therefore, that it should be possible to give a more precise specification using additional "hidden-variables". To solve the problem, Bell developed mathematical requirements for a generic local hiddenvariables theory and compared its predictions with those from quantum theory. These requirements are expressed as Bell's inequalities represented in numerous ways. The most popular is Bell's inequality obtained in [7] :
As one can see, this inequality contains a linear combination of expectation values of spin correlation observables (11) with four different arguments. Bell's theorem, accordingly, shows that quantum predictions violate the maximum possible value 2, given by any local realistic hidden-variables theory. And indeed, by an appropriate choice of angles between four unit vectors a, a ′ , b, b ′ one can violate inequality (12). As a consequence, we should recognize the nonlocality as a real feature of quantum world. However, by our view, the expectation value (11) of spin correlation observable is relevant to the quantum system existing as wholeness. As it was mentioned in section 1, it characterizes the energy of a system, consisting of interacting particles, and not some possible correlation between variables of subsystems after breaking of the system . Expression (10) is related to the tensor type interaction existing in many body quantum systems, whose singlet state matrix elements are proportional to (11) . Therefore, it is rather problematic to consider (11) as some correlations existing between independent quantum objects. If it is so, then there is no sense which one could give inequality (12). What about the experimental corroboration of the violation of Bell's inequality reported in solid number of experiments [3, 8, 9, 10, 11] ? Despite of fact that almost all experiments confirm the violation of Bell's inequalities, we dare to think that they still not give a rigid evidence of the existence of non-locality.
Without going into particulars, we just mention that, to prove experimentally Bell's inequality, it is necessary to perform measurements in different macroscopic situations and only then place the obtained results into (12) with the aim to see whether inequality holds. That is, experimenters should manipulate with the results of independent measurements. Quite another thing would be if the non-locality property would manage to fix by performing one measurement. Therefore, if the non-locality (at least in Bell's context) is a real feature of quantum world, then it is a subtle observable property in comparison with, say, momentum, energy or spin.
In a great majority of experiments one uses pairs of photons in the state:
This is a polarization-entangled state, having the same structure as spin-entangled state (5) . Again, according to the "entanglement logic", it implies that whenever photon 1 is measured and found to have a horizontal (H) polarization, the polarization of photon 2 will be vertical (V), and otherwise. That means, whichever state photon 1 will be found in, photon 2 can surely be predicted to be found in the orthogonal state if measured. But it is not so. The measured states of photon 1 or 2 do not characterize the compound system. By knowing the initial state vector (13) and the fact that photon 1 is in the state |H , it is impossible to conclude that photon 2 will be found in the state |V . Only in the extreme case, when polarizers orientation would coincide with the photons initial polarization, we will obtain above mentioned results. But this has nothing to do with correlations between them. Therefore, we come to the conclusion that Bell's inequalities lack both theoretical and experimental foundation because they rest on the assumption of the real existence of EPR paradox. It means, that there is no ground to invent a non-locality concept in quantum mechanics, at least in Bell's sense.
Conclusions
We have endeavored to show that the entangled states are not something special playing significant role in quantum theory. They quite naturally appear in various compound quantum systems, whose basis states are formed by a linear combination of terms, consisting in turn of subsystems' basis state products. Entangled states are rather a result of a particular method of construction of basis states. Entering in a compound system, due to an interaction, subsystems' properties are entangled and lose their individuality. While we manipulate with system as a wholeness ( make calculations, perform observations ), its entangled structure is preserved in a coherent way and never shows up. However, as soon as a compound system breaks down, we have absolutely different situation. Now, each subsystem should be considered as an independent one, described by its own state vector. An existence of possible initial correlations between subsystems properties is a result of conservation rules, fulfilling in any case, rather than quantum ones. Assumption that a disintegrated system is still describes by the entangled state of type (5), (6) or (13) is erroneous. Therefore, we come to the conclusion that the line of reasoning, leading to EPR paradox, is not well grounded. It is just an appearance, based on wrong assumption. That is, there is no EPR paradox as a real phenomena. The same regards to all theoretical constructions based on the assumption of the reality of EPR paradox. That is, there is no need to look for quantum non-locality, at least in Bells' sense. I am deeply indebted to Mārcis Auziņš, Juris Tambergs and Tamāra Krasta for careful reading of manuscript and for detailed discussions and comments.
